Abstract: Since multi-rotor UAV possesses simple structure and light weight, it is likely to be affected by the outside wind field. So far, researches on the wind resistance of multi-rotor UAV mostly focus on the control method of anti-interference. However, a common index to measure the ability of wind resistance is still absent. For this reason, the article does quantitative analysis on the induced velocity of propellers and propeller thrust of a multi-rotor UAV. What's more, the article analyzes the influence of horizontal wind on the drone and builds a model on a multi-rotor UAV in the wind field. Finally, the article puts forward a parameter to measure the wind resistance ability of a multi-rotor UAV.
INTRODUCTION
Multi-rotor UAV possesses many advantages such as the ability to achieve vertical take-off and landing, the ability to present autonomous hover and its strong mobility [1] [2] [3] . However, because of its small structure and light weight, it is likely to be affected by the outside wind field [4] [5] . Wind resistance is an important index to indicate the stability of a multi-rotor UAV which loses a unified standard to measure. This article analyzes the outside wind field along with the structure of the fuselage to put forward a wind resistance index which measures the wind resistance ability of a multi-rotor UAV. So far, researches on the wind resistance of multi-rotor UAV mostly focus on the control method of anti-interference. In 2003, Civita linearizes the model of multi-rotor UAV on several equilibrium points and designs a controller to achieve large-scale stability and to control the disturbance [6] . However, local linearization will have great impact on the flight performance of multi-rotor UAV. Literature [7] puts forward a control model for UAV with high wind resistance based on SVN. This model can extract the eigenvalues of the stability control signal of UAV with high wind resistance which is classified by SVM and neural network in order to build a stable control model for UAV. This model is simple but has large limitation. Literature [8] puts forward a stable control model for UAV based on augmented hybrid controller. This model uses Backstepping control principle to track the trajectory of UAV. Besides, it uses fuzzy adaptive PID controller to build stable control model for UAV with high wind resistance while suffering wind disturbance. This model possesses high control stability but the control process is complex and time-consuming which is not applicable for UAV system requiring strong real-time performance. Literature [9] uses 3D fuzzy PID controller to achieve stable attitude control and exact trajectory tracking control. It also realizes effective inhibition of the disturbance of output signals. However, this method can only inhibit the disturbance caused by parameter fluctuations but cannot inhibit the disturbance caused by outside wind field. So far, all the researches focus on the control method of anti-interference. However, a common index to measure the wind resistance is still absent. Therefore, an index to measure the wind resistance for multi-rotor UAV is in urgent need. The aim of this article is to present an index to measure the wind resistance ability of UAV and do quantitative analysis on the induced velocity of propellers and propeller thrust of a multi-rotor UAV. What's more, the article analyzes the influence of horizontal wind on the drone and builds a model on a multi-rotor UAV in the wind field. Besides, the article puts forward a parameter to measure the wind resistance ability of a multi-rotor UAV and calculate the wind resistance coefficient for several types of drone.
INFLUENCING

FACTORS AND ASSUMPTIONS
Since the fuselage of a quadcopter is small, it is less affected by the wind force. Therefore, it is reasonable to ignore the influence of the wind force on the fuselage and assume that it only has impact on rotors. We can make further assumptions as follows:
The influence of the wind force on rotors can be regarded as the change of wind velocity on upper and lower surfaces of the rotors when the propellers rotate at high speed. When the propellers rotate at high speed, the wind velocity on the upper surface of the rotors is in proportion to that on the lower surface. 
Analysis on Wind Resistance Index of Multi-rotor UAV
INDUCED VELOCITY AND THRUST
Analysis of the Flow Tube
Assume that air is an ideal gas which is inviscid and incompressible. The change of induced velocity can be explained by the flow law of low-speed fluid base on flow tube. When we analyze the gas in a flow tube, we can find that the gas exchange between the inside and outside of the tube has a unique way. The only gas exchange method is that the gas enters the flow tube from one end and leaves on the other end since the gas in a flow tube can never pass the tube wall. A and 2 A , we can get the following formula when the gas passing the two cross sections has the same mass:
Simplify and get:
From the above formula, we know that the cross-sectional area is in inverse proportion to the air velocity. When the cross-sectional area gets smaller, the air velocity will be greater and vice versa.
Change and Simplification of Induced Velocity
Propellers which are powered by electric machinery can rotate at high speed. When propellers rotate, the air pressure above the propeller disc is small and the air pressure below the propeller disc is large due to the influence of the rotors. Air affected by the rotating propellers will accelerate towards the lower surface of the propeller disc which generates the slipstream. However, the slipstream always rotates with the air flow which is unfavorable for our research since the uncertainty of the direction of air flow adds complexity and difficulty to the analysis. In order to simplify the analysis, we ignore the rotation of the slipstream and regard it as the downward acceleration of the air flow influenced by the movement of the rotors. Induced velocity is known as the increasement of velocity when the air flow accelerates downward due to the rotation of the rotors. When it gets closer to the rotors, the suction generated by the rotors gets stronger. Therefore, the velocity of the air flow gets higher and as a result the induced velocity tends to be higher. Analyzing the air flow velocity in a flow tube, we find that it is in inverse proportion to the cross-sectional area as shown in figure 2 . V . Below this cross section, the diameter of the slipstream starts to increase. And because of the air resistance which consumes the energy from the high-speed rotation of the propeller, the induced velocity decreases. When the distance approaches 5 times of the propeller diameter, the air flow eventually becomes static and the induced velocity changes to zero.
Fig2. Section diagram of the slipstream .
Quantitative Analysis of Induced Velocity and Thrust
As shown in figure 2 , the cross section 0-0 is above the propeller disc which has the propeller radius where the air flow velocity is the vertical velocity of the rotor drone 0 V .
At the cross section 1-1, the velocity of the air flow becomes Assume that the force from the propeller disc is the rotor thrust which is T . According to the momentum theorem, we have the following formula:
According to conservation of energy, work that rotors do to push the air flow downward should equal to the increasement of kinetic energy of the air flow. Therefore, we have the following equation:
V and T into above equation and get the following formula: 1 2 2u u = (6) Assume that within time dt , the mass of air passing through the propeller disc is m . Then we have:
According to Newton's second law, we get:
Since:
Then:
Together we get the quantitative relationship between propeller thrust and the induced velocity at propeller disc. The air flow velocity at cross section 2-2 is:
ANALYSIS OF WIND DISTURBANCE AND THE EQUIVALENCE
We can deduct the following equation by the form of propeller thrust and the induced velocity at propeller disc:
Therefor the total propeller thrust generated by the rotors is:
We can get the maximum of the induced velocity through the relationship between the propeller thrust and the induced velocity under the condition that there's no wind. From the above analysis we know that: Considering the modelling error, the actual wind velocity can never reach the maximum. It has better wind resistance when the actual wind velocity it can endure is larger. In other words, it's better to have smaller a and larger I .
When the wind field is horizontal and propeller thrust reaches its maximum, we get:
Then: 
Thus:
The coefficient of wind disturbance in a horizontal wind field can be simplified to: 
CONCLUSION
The background of this paper is multi-rotor UAV in wind field. Firstly, a simplified assumption of wind disturbance for multi-rotor UAV is given. Then the induced velocity of UAV is analyzed and modeled. Finally, the wind disturbance is analyzed and equivalent. A parameter to measure the wind disturbance resistance of a multi-rotor UAV is presented, coefficient of wind disturbance. This parameter can be used to measure the wind resistance ability of different types of multi-rotor UAVS, which has a certain reference significance for the research of the wind resistance of multi-rotor UAVs. The coefficient of wind disturbance of several multi-rotor UAVs are calculated to verify the reliability of the parameters.
